Thiol/disulfide exchange between rabbit muscle phosphofructokinase and glutathione. Kinetics and thermodynamics of enzyme oxidation.
Reversible thiol/disulfide exchange equilibria between rabbit muscle phosphofructokinase and glutathione redox buffers results in a dependence of the activity of the enzyme on the thiol to disulfide ratio of the redox buffer (Gilbert, H. F. (1982) J. Biol. Chem. 257, 12086-12091). The transition between fully reduced (active) and fully oxidized (inactive) enzyme is half complete at a [GSH]/[GSSG] ratio of 6.5 +/- 1 at pH 8.0 and 5.6 +/- 0.9 at pH 7.2. In the presence of excess GSSG approximately 40-50% of the activity is lost in a rapid process (k = 110 M-1 min-1), while the remaining activity is lost more slowly (k = 1.9 M-1 min-1). Two equivalents of radiolabeled glutathione are incorporated covalently, one coincident with each phase of inactivation. The most rapidly oxidized sulfhydryl group is also the most rapidly reduced by GSH in the reverse reaction (k = 150 M-1 min-1). Reduction of a more slowly reacting protein-glutathione mixed disulfide is required to regenerate the original activity (k = 0.33 M-1 min-1). The thiol/disulfide oxidation equilibrium constant (Kox) for the most rapidly oxidized sulfhydryl group is estimated to be 0.7 while that for the more slowly oxidized group is 6.1. The sulfhydryl group which is more easily oxidized kinetically is the more thermodynamically resistant to oxidation. The magnitude of the equilibrium constants for these reversible oxidations would suggest that the oxidation state (and activity) of phosphofructokinase would not be significantly affected by typical metabolic changes in the glutathione oxidation state in vivo.